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Abstract
Background: Recent studies have revealed the increasing importance of sagittal spinopelvic alignment. Knowing the values of 
sagittal spinopelvic parameters, which are affected by ethnicity, is essential in the normal asymptomatic population. In the current 
study, these parameters were measured in a sample of asymptomatic Iranian population. 
Methods: Seventy asymptomatic participants without complaint of musculoskeletal problems were enrolled. They had no 
complaint about musculoskeletal problems. Lateral full-length spinal and pelvic x–rays were taken. The following parameters were 
measured on x-rays and presented as mean ± standard deviation: pelvic incidence (PI), sacral slope (SS), pelvic tilt (PT), lumbar 
lordosis (LL), thoracic kyphosis (TK), lumbar tilt (LT) and thoracic tilt (TT). 
Results: The population consisted of 37 males and 33 females aged 26.6 ± 4.27 years. The mean values of PI, SS, PT, LL, TK, LT, 
and TT were 44.5 ± 10.1, 35.4 ± 6.7, 9.1 ± 7.9, 41.9 ± 14.7, 28.8 ± 8.3, 11.9 ± 7.4 and –7.5 ± 5.7 (median: –10; 5th percentile: 
–14; 95th percentile: 4.4) degrees, respectively. The variables were similar between males and females except for LL which was 
significantly higher in females (37.8 ± 16.5 versus 46.5 ± 11; P = 0.013). In addition, the linear regression model revealed age to 
be independently related with PI (beta = 0.344; P = 0.004) and PT (beta = 0.366; P = 0.002). PI (r = 0.344, P = 0.004) and PT (r 
= 0.359, P = 0.002) were positively correlated with age. Additionally, PI was positively correlated to SS, PT and LL and negatively 
to TT. 
Conclusion: These findings may be used as referential values for sagittal spinopelvic parameters in the Iranian population. The 
positive correlation of PI with age questions the constancy of PI throughout life. However, larger studies are required.
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Maintaining balance in a standing position is a very 
sophisticated operation and requires the coordination of 
multiple neuromuscular and musculoskeletal systems. 
Different parts of the musculoskeletal system, which is a 
complex of several biomechanical systems, should function 
properly on all three planes. Since the upright body is, 
in fact, an open kinematic chain, the balance should be 
evaluated in association with assessment of the alignment 
of all parts of the body, including the vertebral column, 
pelvis and lower extremities.1,2
In recent years, it has been found that in addition to 
the coronal alignment of the body, sagittal alignment 
is also very important in the individual’s function and 
balance.3 One of the most important findings in this 
regard was recognition of biomechanical relationship and 
significant correlation between the pelvis and the spine.4 
Currently, it is obvious that the pelvic morphology (pelvic 
incidence) and its orientation (pelvic tilt) can significantly 
affect the geometry of the lumbar spine, especially lumbar 
morphology (lumbar lordosis).5,6 It has been shown in 
various studies that examining the sagittal balance and 
its preservation after surgery plays an important role in 
understanding and recognizing the pathomechanics of 
the spinal column as well as pain relief and functional 
improvement in several conditions, including spinal 
deformities in adults.7,8 
Furthermore, abnormal sagittal alignment is associated 
with increased energy consumption to maintain good 
balance and effective posture, reduced movement ability, 
increased risk of falling, reduced strength of spinal 
extensors, and reduced quality of life.3,9-11 
Considering the importance of global sagittal balance, 
various studies have been done to measure the sagittal 
spinopelvic parameters in normal and asymptomatic 
populations across different societies and races.4,5,12-14 
Knowing these normal values can be helpful in examination 
of sagittal spinopelvic alignment, preoperative planning, 
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choice of appropriate treating method, improvement of 
surgical outcomes and evaluating treatment outcomes 
in different age groups.15-17 In addition, the distinction 
between normal and abnormal spinal alignment in 
sagittal plane is much more difficult than the coronal 
plane, and knowledge of normal values seems necessary.18 
The availability of reference values may be useful for 
investigating the variability of the parameters in different 
individuals and can be very helpful in understanding the 
underlying mechanisms of various spinal disorders.5,6,19,20
The importance of normal values of sagittal spinopelvic 
parameters necessitates measuring these values in 
different populations, including the Iranian population. 
To our knowledge, there has been no similar study in 
asymptomatic Iranian adults. In the current study, the 
sagittal spinopelvic parameters were measured in a sample 
of asymptomatic Iranian adults. 
Material and Methods
Between September 2017 and August 2018, 107 
consecutive asymptomatic subjects aged 18 to 40 were 
enrolled in the current study. These participants had no 
complaint about pain or other problems in spine and 
lower extremities. Prior to the study, the approval of the 
Ethics Committee was obtained and all of the volunteers 
signed a written consent. Exclusion criteria included 
generalized musculoskeletal diseases such as rheumatoid 
arthritis, any deformity or disorder of the spinal column 
(spondylolisthesis, pars interarticularis defects, etc) which 
was visible on x–rays, scoliosis based on Adam’s test, a 
history or clinical findings of pelvis or hip abnormality, 
Legg–Calve–Perthes disease, limb length discrepancy >1 
cm, and a history of spinal or pelvic surgery. 
After the initial examination, lateral full-length spinal 
and pelvic x–rays were taken for the eligible participants. 
The criteria for acceptable images were visibility of the C7 
and both femoral heads. At the time of radiography, the 
hip and knee joints were fully extended. Both shoulders 
and elbows were flexed until knuckles were placed on the 
supraclavicular fossa. The feet were shoulder width apart. 
The measured variables on x-rays included pelvic 
incidence (PI), sacral slope (SS), pelvic tilt (PT), lumbar 
lordosis (LL), thoracic kyphosis (TK), pelvic tilt (PT) and 
lumbar tilt (LT). The measurements were performed as 
follows:
PI: The angle between the perpendicular line to the 
midpoint of the sacral plate and the line connecting 
this point and the hip axis. SS: The angle between the 
tangent line on the sacral plate and the horizontal line was 
measured. The angle made by the line connecting the hip 
axis and middle of the sacral plate and the plumb line was 
measured as PT. TK was defined as Cobb’s angle between 
the superior endplate of T5 and the inferior endplate of 
T12. LL was measured as Cobb’s angle between the superior 
endplate of L1 and the inferior endplate of L5. TT was the 
angle between the plumb line and the line connecting the 
anterosuperior corner of T1 and the anteroinferior corner 
of T12. LT: The angle between the plumb line and the 
line connecting the anterosuperior corner of L1 and the 
anteroinferior corner of L5. 
It should be noted that anterior TT and LT and posterior 
TT and LT were recorded as positive and negative values, 
respectively. In addition, hip axis was considered as the 
center of the line connecting the center of the femoral 
heads. All of the measurements were performed by two 
orthopedic surgeons using the MicroDicom software. The 
intra– and inter–observer reliability of these two surgeons 
was determined >0.8 in a pilot study. The mean of two 
measurements was considered as the final value for each 
variable.
Statistical analysis was performed using SPSS statistical 
software version 15.0. To investigate the presence of 
normal distribution, Kolmogorov–Smirnov test was 
utilized. The variables with normal distribution were 
presented as mean ± standard deviation. In addition, 
the 5th and 95th percentiles were presented for variables 
without normal distribution. Independent samples t 
test was used to compare the angles between males and 
females. Pearson’s correlation test was used to examine the 
correlation between age and radiographic measurement 
and the correlation between different radiographic angles. 
Furthermore, linear regression analysis was used to 
investigate the relationship between sagittal spinopelvic 
parameters and age as the independent variable. P < 0.05 
was considered significant. 
Results
In total, 107 volunteers were examined during the study. 
Of them, 37 subjects were excluded and the study was 
completed with 70 subjects (37 males and 33 females). 
The subjects were aged 26.6 ± 4.27 years (range: 18 to 40 
years). There was no significant difference between males 
and females in term of age (27.5 ± 5.6 years in males and 
25.6 ± 3.2 years in females; P = 0.088). Table 1 shows 
the averaged values of measured radiographic variables. 
Furthermore, these parameters were compared between 
males and females (Table 1). As shown, except for LL, 
other variables were similar between the two genders. LL 
was significantly higher in females (P = 0.013). Although 
the differences in PI and TT were considerable, they 
did not reach the significance level based on P values 
(Table 1). In Table 2, the results of Pearson’s correlation 
test between age and sagittal spinopelvic parameters are 
presented showing that PI (P = 0.004, r = 0.344) and 
PT (r = 0.359, P = 0.002) were positively correlated with 
age. The results of linear regression analysis are shown in 
Table 3. Regression analysis revealed that PI and PT were 
related independently with the age. However, based on 
the regression results, it seems that age can poorly predict 
these parameters. 
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The statistically significant correlations between sagittal 
spinopelvic parameters are shown in Table 4. As expected, 
PI was positively correlated with SS and PT. Further, PI 
had a positive correlation with LL. SS and PT, the sum 
of which equals PI, were also positively correlated to LL. 
Interestingly, PI and PT were negatively correlated to TT 
and not to TK. Finally, TK was positively correlated to TT 
and LT and not to LL. 
Discussion
Investigating the anatomical, functional and biomechanical 
aspects of the vertebral column is always challenging. 
This complexity is due to the numerous factors and 
different structures, as well as the complex relationships 
between various spinal segments. Generally, appropriate 
relationship between spinal and pelvic parameters is 
necessary to maintain proper sagittal balance. Furthermore, 
it has been shown that attention to PI, other parameters 
of spinopelvic alignment and LL in preoperative surgical 
planning may result in improved surgical outcomes.21
Lack of knowledge about the values of these parameters 
in the Iranian population necessitated the current study. 
Since no similar study has been conducted in the Iranian 
community, the data of the current study, in spite of the 
limited sample size, may be useful as a basis for future 
studies.
The gender effect on the spinopelvic sagittal parameters 
remains controversial.4,22 In the current study, LL was 
significantly higher in females compared to males, but in 
other variables, there was no significant difference between 
the two genders. Interestingly, TK was approximately 
equal in the two genders. PI was considerably greater in 
females, but the difference did not reach a significant 
level. It seems that if more people had been examined, 
the difference between the two groups would have been 
significant. Similar to our findings, the difference between 
males and females in terms of LL was significant in the 
study by Vialle et al. However, in their study, contrary to 
ours, PI was significantly greater in females.5 Moon et al 
found that the mean values of PT and PI were significantly 
greater in females compared to males.22 Asai et al also 
found significant, but small differences between males and 
Table 1. Mean Values of Sagittal Spinopelvic Parameters in All Subjects and Comparison between Males and Females
Total (n = 70) Males (n = 37) Females (n = 33) P Value
Sacral slope (degree) 35.4±6.7 (33.8 to 37) 34.6±6.9 (32.3 to 36.9) 36.3±6.4 (34.1 to 38.5) 0.273
Pelvic incidence (degree) 44.5±10.1 (42.5 to 46.5) 42.4±9.6 (39.2 to 45.6) 47±10.3 (43.4 to 50.6) 0.06
Pelvic tilt (degree) 9.1±7.9 (7.2 to 11) 7.8±8.4 (5 to 10.6) 10.6±7.1 (8.1 to 13.1) 0.141
Lumbar lordosis (degree) 41.9±14.7 (38.4 to 45.4) 37.8±16.5 (32.3 to 43.3) 46.5±11 (42.6 to 50.4) 0.013*
Thoracic Kyphosis (degree) 28.8±8.3 (26.8 to 30.8) 28.8±8 (26.2 to 31.4) 28.8±8.8 (25.7 to 31.9) 0.996
Lumbar tilt (degree) 11.9±7.4 (10.1 to 13.6) 13.2±6.9 (10.9 to 15.5) 10.6±7.8 (7.9 to 13.3) 0.146
Thoracic tilt (degree)
–7.5±5.7 [median = -10; 5th percentile 
= -14; 95th percentile = 4.4]
-6.3±6.4 (-8.4 to -4.2)
-8.7±4.4 [median = -10; 5th percentile = 
-14.6; 95th percentile = 0.7]
0.068
*Significant difference at level of 0.05.
Degree, 95% confidence interval for variables with normal distribution.
Table 2. Correlation Between Age and Sagittal Spinopelvic Parameters
Radiographic Parameter Sacral Slope Pelvic Incidence Pelvic Tilt Lumbar Lordosis Thoracic Kyphosis Lumbar Tilt Thoracic Tilt
Age
Pearson’s coefficient® 0.09 0.344 0.359 0.23 0.197 0.148 -0.119
P value 0.458 0.004* 0.002* 0.055 0.102 0.222 0.325
*Significant difference at level of 0.05.
Table 3. Results of Linear Regression Analysis between Age (Independent Variable) and Sagittal Spinopelvic Parameters (Dependent Variables)
Adjusted R Square B (Unstandardized) (95% Confidence Interval) Beta (Standardized Coefficient) P Value
Sacral slope -0.006 0.128 (-0.214 to -0.469) 0.09 0.458
Pelvic incidence 0.106 0.741 (0.252 to 1.229) 0.344 0.004*
Pelvic tilt 0.121 0.613 (0.236 to 0.99) 0.366 0.002*
Lumbar lordosis 0.039 0.72 (-0.016 to 1.455) 0.23 0.055
Thoracic kyphosis 0.025 0.349 (-0.071 to 0.768) 0.197 0.102
Lumbar tilt 0.007 0.232 (-0.144 to 0.607) 0.148 0.222
Thoracic tilt 0 -0.144 (-0.433 to 0.146) –0.119 0.325
*Significant P value.
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females in terms of TK, LL, PI and PT.4
Despite these findings, Janssen et al in France and Cho 
et al in Korea reported no difference between males and 
females in terms of LL, TK, and pelvic parameters.13,14 
These controversial findings indicate that there is still a 
wide disagreement in the gender impact on spinopelvic 
parameters, and more studies are needed.
The mean PI in the current study was 44.5 degrees, 
which is close to the values obtained in the Chinese 
population (43.3 degrees and 44.6 degrees), but lower 
than that of the Caucasians (51.7 degrees).6,12,13,23 One of 
the highest PI values was reported in a study by Vialle et al 
in France on 300 asymptomatic individuals as 55 degrees.5 
These findings may indicate the racial differences in the 
geometry of skeletal system that should be considered 
when evaluating and treating degenerative diseases and 
spinal deformities. 
Based on the previous studies, normal TK and LL have a 
relatively wide range. The thoracic spine should have about 
10 to 40 degrees of kyphosis and lumbar spine about 40 
and 60 degrees of lordosis. In general, the lumbar spine 
curve should be mathematically about 30 degrees greater 
than the thoracic kyphosis.24 However, in the current study, 
such a ratio was not found for these two variables. TK and 
LL were 29 degrees and 42 degrees, respectively, which are 
mathematically only 13 degrees different, but each of the 
two curves alone was within the above–mentioned normal 
range. Furthermore, some studies have reported similar 
values for sagittal spinal curves. For example, Cho et al 
reported that TK and LL were approximately 29 and 48 
degrees in a Korean population.13
Previous studies have demonstrated that PI is a constant 
anatomical parameter that is not affected by age, and 
represents the relationship between the sacrum and pelvis. 
The ability of the spine and pelvis to reach the sagittal 
balance depends on the PI and the changes of other 
spinopelvic parameters.25
In the current study, PI and PT were independently 
related to age. However, the correlation coefficients and 
regression coefficients were weak, indicating that the trend 
Table 4. Significant Correlations between Different Sagittal Spinopelvic and 
Spinal Parameters
Couple of Variables Pearson's Coefficient (R) P Value
PI & SS 0.628 <0.001
PI & PT 0.735 <0.001
PI & LL 0.602 <0.001
PI & TT -0.275 0.021
LL & SS 0.419 <0.001
LL & PT 0.418 <0.001
PT & TT -0.32 0.007
TK & TT 0.263 0.028
TK & LT 0.506 <0.001
PI, pelvic incidence; SS, sacral slope; PT, pelvic tilt; LL, lumbar lordosis; TT, 
thoracic tilt; TK, thoracic kyphosis; LT, lumbar tilt
of the increase in these variables with aging probably 
occurs very slowly. Since PI was previously thought to be 
a relatively constant parameter over lifetime, this finding 
may indicate that the PI value also increases with age, 
although the change in PI may be small. This finding is 
confirmed by some other recent studies. Similar to the 
current study, Mac–Thiong et al stated that only PI and 
PT had a statistically significant correlation with age, in 
a way that PI and PT were greater in adults compared to 
children.14 Moon et al also confirmed the increase in PI 
with aging in both genders.22 On the contrary, however, 
Jentzsch et al found no relationship between age and PI.26
Vrtovec et al explained that the cause of increased PI with 
aging is an increase in the distance between the sacrum 
and femur leading to the increased PT and ultimately 
increased PI.27 Another interesting finding of the current 
study was that SS did not have a significant correlation 
with age. Since PI=PT+SS, and considering the very close 
correlation coefficients for PI (r = 0.359) and PT (r = 
0.344) with age, it is likely that the increase in PI at more 
advanced age is due to the increase in PT without decrease 
in SS. Moon et al also concluded that PT is probably the 
factor that affects PI.22
Contrary to our findings, in the study by Asai et al, 
SVA and TK increased and LL decreased with aging.4 
Increased TK with aging can be due to the dehydration 
of intervertebral discs and, in some cases, osteoporotic 
fractures of the vertebrae. In some cases, however, 
the weakening of the spinal extensors has also been 
reported.28,29 In some other studies, LL reduction has 
been reported with aging.30,31 Zhu et al reported that 
TK and PT had a significantly positive correlation with 
aging, while SS decreased with aging.12 Unlike the current 
study, the changes in SS and PT with aging in different 
directions have probably caused the consistency of PI 
value with aging.
As said earlier, the existence of several variables in 
investigating the sagittal spinopelvic alignment has made 
in difficult and challenging to evaluate the complex 
relationships between these variables and the effects of their 
changes on each other. In the current study, it was shown 
that there is a significantly positive correlation between PI 
as an anatomical parameter and SS and PT as positional 
parameters with considerably high coefficients. However, 
these two positional parameters were correlated with each 
other. These findings may confirm the findings of Mac-
Thiong et al demonstrating that the strong correlation 
coefficients of PI with PT and SS indicates the importance 
of pelvis morphology (PI) in determining and adjusting 
the direction and orientation of the sacrum (SS) as well as 
the pelvis (PT).14 
Interestingly, similar to the current study, Mac-Thiong et 
al did not find a significant correlation between PT and SS 
(two variables indicating the orientation of the pelvis and 
sacrum) although these two variables are mathematically 
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related.14 However, it is expected that since PI has a specific 
value, decreased SS could be associated with increased PT, 
and vice versa.
The relationship between the pelvis and lumbar 
parameters is one of the important issues in assessing the 
body position in the sagittal plane. In the current study, 
there was a significant correlation between PI and LL 
and there was a significant moderate correlation between 
LL and SS. In several studies, the relationship between 
lumbar spine morphology (LL) and pelvis morphology 
(PI), sacrum orientation (SS), or pelvis orientation (PT) 
has been well illustrated.14,32,33 In contrast to the current 
study, Mac–Thiong et al and Berthonnaud et al found that 
LT, which shows the orientation of the lumbar spine, was 
also correlated with the orientation of the sacrum (SS).14,33
Another finding of the current study was the lack of a 
significant correlation between LL and TK. Theoretically, 
the two curves of LL and TK appear to change in response 
to each other to maintain a proper sagittal balance and 
posture. In addition, it seems that reducing LL with 
increasing TK due to spinal degeneration is the main cause 
of imbalance in the sagittal plane.13 It should be noted, 
however, that in the present study, lumbar orientation (LT) 
was correlated with thoracic morphology (TK). However, 
in some studies, the correlation between these two curves 
has been well shown.34 In the studies by Mac-Thiong et al 
and Berthonnaud et al, a significant correlation was found 
between TK and LL.14,33
Like all other studies, the current study also had 
limitations. The most important limitation of the 
study was the small sample size. In order to reliably 
measure the values of the sagittal spinal and spinopelvic 
parameters in the Iranian population and generalize the 
data, it is necessary to perform the study with many more 
participants. Moreover, we did not have the possibility of 
comparing these variables between different age groups in 
our study.
In conclusion, the findings of the current study 
provide useful information about the normal values of 
sagittal spinal and spinopelvic parameters in an Iranian 
population. The only significant difference in the sagittal 
spinal and spinopelvic parameters between the two 
genders was greater LL in females. The important finding 
of the current study was the increase in PI with aging, 
such that there was a positive and significant correlation 
between age and PI. In addition, PI was correlated with 
lumbar (LL) and thoracic (TK) morphology. Based on the 
findings of the present study, it seems that the change in 
PT with aging is probably the cause of PI changes with 
aging. More and larger studies are needed to obtain more 
reliable results.
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